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viz, from the 8th to the 16th, inclusive. On the remaining 
twenty-one days of this month 74 repor@ were received, or 
an average of 4 per day. The dates on which the reported 
number especially exceeded this average were : 13th, lfith, and 
24th, 8;  17th and 18th, 7. The States from which auroras 
were reported by a large percentage of observers were : North 
Dakota, 18 ; South Dakota, 8 ;  Wisconsin, 9. The States where 
the dates of auroras were most numerous were : Iowa, 6 ; A h -  
nesota,. 15. . 

CANADIAN DATA-TIIU~DEHBTOIIMS AND AUROILAS. 
No thunderstorms rcported. 
Auroras were reported as follows: Ist, St. Andrews, N. I3.; 

2d, Father Point, Que., and Medicine Hat, Assin.; lGth, St. 
Andrews, N. n., Minnedosa, Man., and Prince Allmt,  Sttsk. ; 
17th, St. Andrews, N. B., Quebec, Que.; 18th, Sydney, N.  S., 
Grand Manan, N. B., and Rlinnedosa, Man. ; 19th, Quebec, 
Que. ;’ 22d and 23d, Medicine Hat, Assin. ; 25th, Qu’Appelle, 
Assin., and 26th, Father Point, Que. 

METEOROLOGY AND MAGNETISM. 

The movements of our atmosphere are to be studied pri- 
marily as problems in the mechanics and thermodynamics of 
moving gases and vapors, but our knowledge of the empirical 
relations between atmospheric phenomena and those of ter- 
restrial magnetism has been elucidated by a few special stu- 
dents, and further study in this direction has been recognized 
by the Chief of the Weather Bureau as proper and desirable 
As the subject of atmospheric electricity, including that  of 
auroras and earth currents, has a small section in this REVIEW. 
Professor Bigelow has consented to contribute a section on 
terrestrial magnetism. 

T H E  COMPARISOS OF TEMPERATURE W I T H  MAGNETIC HORIZON- 
TAL FORCE. 

By Prof. F. H. BIQELOW. 

I n  response to the request of the Chief of the Weather Bu- 
reau, the directors of the observatories a t  Toronto, Washing 
ton, and San Antonio have courteously undertaken to forward 
to the Bureau, as promptly as possible, certain data from their 
magnetograms, namely, the mean ordinates for the day from 
twen ty-four hourly readings of the horizoiital force, the decli- 
nation, and the vertical force, uncorrected for instrumental 
errors and changes of temperature. On days exhibiting very 
disturbed magnetic conditions the hours and the values of 
the maximum and minimum ordinates are given. 

The object in collecting these data is to  institute a compari- 
son between the crude magnetic readings, particularly of the 
bifilar, and the temperature changes a t  meteorological stations 
in the Northwest. Ultimately such comparisons will show 
how far unreduced magnetic Observations may be available 
for determining the direction and the intensity of the tem- 
perature variations and other weather conditions before these 
become fully developed, as given by the isotherms and iso- 
bars of the daily weather maps. It has already been shown 
that  weather and magnetism conform on the average to a 
normal type, but  the problem of the synchronous changes 
from day to day is still under advisement as  a practical fea- 
ture in forecasting. The original data are presented on Chart 
V in a slightly reduced form, without further comment, thus 
offering the reader an  opportunity for individual study. 

The columns headed Calgary, Williston, and Sioux City 
give for each day, respectively, the mean of the 8 a. m. and 
8 p. m. observations of temperature at the following groups 
of stations : 

Calgary for Minnedosa, Qu’Appelle, Prince Albert, Swif t  
Current, Medicine Hat, Battleford, Edmonton, Calgary. 

Williston for Valentine, Yankton, Huron, Pierre, Moor- 
head, Bismarck, .Williston. 

Sioux City for Springfield, Mo., Kansas City, Wichita, Con- 
cordia, Omaha, Sioux City. 

The average temperature for each group is reduced back to 
the origin, W. 115O, N. 55O, by a correction for eastward drift 
(see Amer. Jour. Sci., Dec., 1894). The first differences of 
these numbers are taken ; then the monthly mean of the first 
differences for slope ; then the variations on the slope ; then 
these latter are added successively throughout the month and 
the accumulated sums give the ordinates of the curve for each 
group ; the mean of these three groups is taken and gives the 
a r v e  in the upper part of Chart V ;  the monthly mean of 
the ordinates is added with reverse sign to reduce to a true 
datum line. Thus, the eastward drift and the slope have been 
eliminated, and the variations reduced to a zero base line. 

The magnetic data are trertted in the same way as the tem- 
peratures. The curve as plotted is the mean of the ordinates 
of the three stations. It has been found that  a t  least five 
magnetic observations are required to eliminate local condi- 
tions and to give a true value of the external impressed field, 
though seven are better. By inspecting the columns it will 
be seen that  local variations disturb the curves in certain 
cases. Hence, as the data now exists, the comparison can give 
only partially accurate curves as to detail, though the main 
features may be expected to appear. 

SPECIAL F E A T U R E S  OF T H E  NOVEMBER CURVES. 

The slope for the temperature curves is zero ; the reduction 
to the zero base line is + 9 ;  the factor for amplitude is 1. 
The San Antonio magnetic curve is reduced for amplitude by 
the factor $ ; for its slope_f 1 is added. The final means for 
the three stations are reduced by the factor + for’the dates 
November 13-19, inclusive, during which magnetic disturb- 
tlnces prevailed; the reduction of the magnetic curve to a 
zero base line is + 1. The function between temperature and 
magnetic force is not a constant ratio, as is known by com- 
paring winter and summer amplitudes ; ~ 1 8 0 ,  during disturb- 
mces, the swing of the magnetic variation is wider than that  
D f  the temperatures of the same period. As the object now is 
to bring out the fncts of synchronism and not the amplitude 
function, we must resort to arbitrary factors till the nature 
3f that  function is known. 

The 26.68 day period began Xovember 23, 1858. 
Disturbances were reported on the following dates : Toronto, 

November 12,13; Washington, November 13,14; San Antonio, 
November 13, 14, 16, 17, 19. 

SUNSHINE AND CLOUDINESS. 

G E N E R A L  REMARKS.  
The quantity of sunshine, and therefore of heat, received by 

the atmosphere is a fundamental factor in meteorology; the 
quantity received by the atmosphere as a whole is very nearly 

constant from year to year, but  the proportion received by 
the surface of the earth depends largely upon tho absorption 
by the atmosphere and varies with the distribution of cloudi- 
ness. The eunshine is now recorded automatically- at about 
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38 regular stations of the Weather Ihrean,  either by its pho- 
tographic or its thermtd efkcts. The cloudiness is recorded 
by personal observations a t  all stations and is given in the 
column of " average cloudiness " in Tnhle I .  

SUXSHIXE. 

An instrumental record of sunshine hns been kept during 
the moBth at, 17 stations by means of the photographic sun- 
shine rocorder and a t  21 stations by means of the thermo- 
metric sunshine recorder ; tho results of these observations 
are given in Table IV, for each hour of local mean time 
(not seventy-fifth meridian time). The stations recording 
the largest percentages of sunshine between the hours of 11 
a. m. and 1 p. m. were: Tucson, 95.5; Salt Lake City, 94; 
Sail Francisco, 90; Denver, 88.5; Santa Pe, 88; Key West, 
87. The stations having the least pergentage between those 
houru were : Rochester, 21.6; Spokane, 24.6; Portland, Oreg., 
31 : Buffulo, 38; Cleveland, 39.5; Bismarck, 40.5. 

The general avorage percentage for the whole month is 
given in the next to the last column of Table IV.  The high- 
est percentages were Tucson, 96;  Snnta Fe, 91; Denver, 81; 
Salt Lake City, 80; Dodge City, 79; Son Francisco, 77; Gal- 
veston and Memphis, 75. The lowest percentages were : 
Rochester, 15 ; Buffalo, 24 ; Spokane, 26 ; Portland, Oreg., 
28; Cleveland, 33; Bismarck and Chicago, 37. 

CLEAR S K Y .  
The average cloudiness between sunrise and sunset, as based 

on numerous personal observations, is given for each Weather 
Bureau station in Table I ;  the complement of this average 
cloudiness gives the observer's estimated percentage of clear 
sky and these latter numbers are given in  the last column of 
Table IV .  

COMPARISON O F  SUNSHINE A N D  CLEAR SKY. 
The sunshine registers give tho duration of direct sunshine 

whence the percentage of possible sunghine is derived; the 
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observer's personal estiiiiates give the percentage of area of 
clear sky. It slioiild not be assumed that  these numbers 
should agree, and for comparative purposes they have been 
hough t  together, side by side, in the following table, from 
which i t  appears that, in general, the instrumental record of 
percentages of duration of sunshine is almost always larger 
than the observer's personal estimates of percentages of area 
of clear sky; the average excess for this month is 8 per cent 
for photographic records and 7 per cent for tliermometric 
records. Attention has lately been called to a similar excess 
in tho record of the observers in India. 

Iliffwence betweeic instrumental and velronal observations o f  sunshine. 
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Tucson Ariz ............ 
Snntn de, N. hlox ........ 
Uenver Colo ............ 
bodgo dity,  Knns ....... 
Gslveston, l'cx.. ........ 
Mem his, I'onn ......... 
l<nn&s (:it ~o ........ 
SavnnnnIi r;'a ............ 
San Uic&, Gal. .......... 
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Portlnnd. Me.t .......... 44 

Detroit, Mich ........... 4a 
Chicago, 111 .............. 37 
Ruffulo N. Y ............ a4 
Roche8bx, N. Y ......... 15 

Des Moinea, Iowa ....... 43 

I .  - ___ 
* A  thermometric Runshinc recorder wn% siibstituted for the photograpl 

on Iiovornbcr 14, but as no coiiipnrntive records were fiirniahod therefore 
cncc of 5 for tlic whole month dol)cnda on h t l i  forme of instruments, ani 
from the gcnorul menns. 

t Hourly vnluee for aa days; totnl and percentngoa for 30 days. 
f Record for. ar days. 
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INLAND NAVIGATION. 

8TAQE OF'WATER IN RIVERS. Heights of n'vers-Continued. . 
-. __. - 
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n u  Stntions. 
The following table shows the danger point and the highest 

and lowest stages for the month of November, 1894 : 
' Heights of rivers above low-water mark, November, 1804. 
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*nocord for flrst 17 dnys only. t Record for Rrst 18 dnye only. 

FLOOD8 A N D  KAVIGATION. 
The above reports show that  no floods occurred in the prin- 

zipal rivers and none were reported elsewhere. Owing to the 
low stage of water in the Ohio, Missouri, and upper Mississippi 
rivers navigation was generally impeded or stopped alto- 
gether, and in the lower Missiesippi was often conducted with 
great difficulty. 

The condition of nawigation as  affected by ice and the low 
water is shown in the folkowing paragraphs: 

Red River of t l ~ e  1~~orth.--'Liliiversity, N. Dak., 19th, river 
frozen over. Fergus Falls, Rlinn., loth, river closed by ice. 

ICE I N  RIVERS. 

2.3 


